catchments. We also discuss the future based on regional climate model projections. We attribute 27 the overall decline of BNNP lakes to long-term deficit of water balance with lake evaporation loss 28 exceeding precipitation inputs. Direct anthropogenic water abstraction has a minor importance in 29 water balance. However, the changes in watersheds caused by the expansion of human settlements 30 and roads disrupting water drainage may play a more significant role in lake water storage decline.
such as the Aral Sea, Caspian Sea, lake Balkhash, and Issyk-Kul lake [3] [4] [5] [6] . Mason et al.[7] proposed 142 therefore, to verify the accuracy of lake surface area extent estimations derived from Landsat data,
143
we compared these data with estimates obtained from higher resolution satellite images. For this 144 verification we used data from the KazEOSat-2 satellite that is equipped with an imager of 6.5 m 145 resolution launched on 06.19.2014 as it was designed primarily to provide multispectral data for the 146 Kazakhstani territory [13] . For the intercomparison we used a recent Landsat-8 image (with spatial 147 resolution of 15 m) dated 03.05.2016 and a KazEOSat-2 image dated 05.09.2016, and applied the 148 methodology of water surface area estimation described in Section 2.3. 
Lake surface water area and storage calculations

154
ENVI application (Exelis Visual Information Solutions Inc., version 5.3) was used to perform a 155 supervised classification and to extract water contours as polygon vector objects. A "water" class was 156 created to allow extraction of pixels corresponding to water objects. These data were exported to ArcGIS's Polygon Volume tool to estimate water volumes for each year for Shortandy, Ulken Shabakty, 
166
In addition to BNNP Kazhydromet weather station data for validation (with regards to air 167 temperature and precipitation) of regional climate model output data (see Section 2.5), we used daily 168 air temperature and precipitation data from a regional weather station at Kokshetau located 169 approximately 60 km to the north-west (53°17'1.49"N, 69°23'3.03"E), see Figure 1 . We also obtained 170 daily and monthly values for the mean wind speed (10 m) from Kazhydromet weather station located 171 on the northern shore of Ulken Shabakty Lake (53° 7'46.60"N, 70°16'47.52"E; Figure 2 ) from 2013 to levels (daily) and lake surface water temperature (measurements are taken twice daily (8:00 and 174 20:00) during the ice-free period, (1 m from the shore edge at a depth of 5 cm) of lakes Burabay, Shortandy and Ulken Shabakty. Monthly lake surface water temperature data were available for the 10.2016) on the shore of Shortandy Lake (52°59'19.87"N, 70°13'6.48"E), (Figure 2 ). The AWS was 181 equipped with a tipping bucket rain gauge with 0.2 mm accuracy (Davis Instruments, Inc.). In 182 addition, in 2015 we installed two auto-logging tipping bucket raingauges (Davis Instruments, Inc.) 183 to help to estimate spatial distribution of rainfall in BNNP: one in Kishi Shabakty Lake watershed 184 (53° 2'18.07"N, 70° 8'8.47"E) at 1.5 m height above the ground, the other one in Burabay Lake 
192
4% correction for the tipping-bucket raingauge data [15] .
193
The BNNP area has a complex topography and uneven relief. Spatial interpolation of rainfall 194 data was used to estimate spatial variability of rainfall within the study catchments. For the two years 
201
Historical data were required to assess the long-term climate and water balance in BNNP (see
202
Section 2.7). The Climate Research Unit (CRU) high-resolution monthly dataset (CRU TS v. 3.24 
214
For our lake evaporation estimation validation, we used pan evaporation measurements from type: a cylindrical tank with a diameter of 0.618 m and a depth of 0.6 m, buried into the ground with 
243
(RMSE) for temperature and precipitation were calculated according to the following equations:
246 247 
258 where is mean annual actual evapotranspiration for the catchment (mm/year), P is annual catchment precipitation for a given year (mm/year), is the aridity index defined as the ratio PET/P,
260
and ( ) is the Budyko function:
CRU's PET is based on the Penman-Monteith grass reference evapotranspiration equation (FAO 56) transfer or aerodynamic method, based on Dalton-type equations. We tested the mass transfer 269 method which employs a wind and lake area functions proposed by Harbeck in 1962 [24,25] 273 274
276
Here is the open water (lake) evaporation (mm/day), is the wind speed at 2 m (m/s), A is lake 277 surface area (m 2 ), is the saturation vapor pressure (kPa) at water surface temperature, and is 
290
We used a common pan-to-lake evaporation coefficient 0.7 [18; p.6)] to convert the annual pan 291 evaporation total to the annual lake evaporation sums. 
302
regards to its effect on the water balance of these lakes, we calculated the following abstraction 303 components: 1) percent abstracted water in watershed of the lake relative to lake volume for each 304 year 2) in mm/year for watershed area; and 3) in mm/year to the lake surface area for that year.
306
Change in water storage =
Percent of lake volume change per year = * 100 % two estimates is very small (< 1.4 % of lake area), in particular for lake Burabay, the smallest of the 317 three lakes. 
320
In addition to the verification of our lake area estimates from Landsat by the higher resolution
321
KazEOSat-2image, the accuracy is also corroborated by the fact that with our method we registered 322 the disappearance of Akkol Lake in 2012 (Figure 5ab ), verified by ground observations (see also 
Changes in surface area and water storage of BNNP lakes
330
The changes in total BNNP lake surface area (11 lakes; as shown in Figure 1 ) is presented in 331 Figure 6a . The overall surface area of BNNP lakes has been steadily decreasing since 1987 (R 2 = 0.55).
As the main lakes are of tectonic origin and have deep basins, we also show the water volume changes 333 for the three main lakes combined (see Fig. 6b ) which displays a similar downward trend (R 2 =0.58).
335
(a) (b) 
340
The total lake surface water area of eleven BNNP lakes decreased from 67.5 km 2 in 1986 to 62.9 341 km 2 in 2016 (a reduction of 4.6 km 2 or ~7% of the average total area). This surface water area change 342 is predominantly due to the decrease in areal extent of three lakes: Ulken and Kishi Shabakty,
343
Shortandy (a reduction of 4.8 km 2 ). This was partially compensated for by the increase of surface area
344
of other smaller lakes. The surface water area of some small lakes (with area of 1 km 2 or less) in BNNP
345
has in fact increased since 1986. This increase is evident for steppe lakes (Zhainak, Tekekol, Lake had also slightly increased from 9.64 km 2 to 10.00 km (see Supplementary Materials, Table 2 ).
348
The total water volume of the three main lakes (Ulken Shabakty, Shortandy & Burabay) changed 349 from 383.3 km 3 in 1986 to 376.7 km 3 in 2016 (a reduction of 6.6 km 2 or 1.7%). This water volume change 350 is due to the reduction of Ulken Shabakty Lake by ~3.8 km 3 (2.3% decrease), and Shortandy Lake by
351
~3.4 km 3 (1.9% decrease), a reduction of 7.2 km 3 in total, while Burabay Lake's volume increased by 352 0.6 km 3 (+2%). The drops in surface lake extent and water volume occurred in the following years: 1989, 1991, 1999-2000, 2004-2005, 2008, 2010 and 2012 
358
The historical model estimates and station observations for air temperature and precipitation
359
are presented in Figure 7 . The RCM performance against daily ground observations (see Section 2.5)
360
is summarized in [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] , for Kokshetau and Shuchinsk (see also Fig. 1 and Fig.7) . 1988, 1991, 1995, 2004, 2008, 2010, and 2012 
BIAS
408
(PET/P) has values of 3.43, 3.94 and 3.95 accordingly; these years also have the highest P-E difference.
409
The long-term evaporation index (AET/P) is 0.92, which means that around 90% of the precipitation 410 in BNNP catchments is lost through evapotranspiration.
411
430
The open water evaporation for Burabay Lake is highest (more than 700 mm/year) in 1995, 2008, 1991, 1995, 1997, 2008, 2010 and 2012 reaching 609, 658, 635, 670, 623 and 581 mm/year,
435
respectively. The correlation coefficients between annual lake evaporation and pan evaporation totals 436 are shown in Table 3 . Overall, there is a good correspondence between pan and lake evaporation,
437
and the correlation is particularly strong between Ulken Shabakty lake evaporation and Kushmurun
438
pan evaporation (see also Figure 10 ). We compared monthly wind speed from ERA-Interim with 
441
449
Lake evaporation controls the water budget of the main BNNP lakes. The lake surface areas and 450 volumes experienced decline in dry years or the years following dry years with high catchment PET
451
(see Figure 9b ) and lake evaporation : 1989, 1991, 1999-2000, 2004-2005, 2008, 2010 and 2012 . 
Anthropogenic water abstraction and related impacts
461
The data in Table 4 shows that the AWA for the three main lake watersheds has been stable over 462 the 14 year time period between 2000-2013. 466 Table 4 and Figure 12 show that the water abstraction in the watersheds of Burabay, Ulken . We tried to assess the state of 486 these small endorheic lakes subjected to a semi-arid climate over a thirty year period. Our findings
487
show that the water storage decline in BNNP lakes for those thirty years can be seen as a "dramatic" 
491
The endorheic lakes in BNNP are regulated primarily by climate variability. The lake 492 evaporation dominates the water budget of BNNP lakes leading to a steady decline of lake levels,
493
although the more recent increases in P have caused lake levels to stabilize. 
514
The isolated portion of the Ulken Shabakty watershed is forested which means that it can conserve 515 water by holding snowfall during the cold period (that will melt in springtime and add to lake water 516 volume via groundwater inflow of melted snow water that has percolated through the soil profile),
517
and has higher rainfall as demonstrated by our spatial rainfall interpolation. However, exact 518 quantification of such impacts requires further investigation through detailed hydrological 519 modelling, with the use of higher resolution remote sensing data.
520
The reduction of anthropogenic water abstraction in BNNP watersheds may be of minor 521 significance for the lakes' water balance, but it could be beneficial for local populations as the lake
522
waters have very high fluoride content that has been increasing steadily over the past years [10]; high 523 fluoride affects human health, e.g. causes dental fluorosis.
524
The 
Conclusions
562
We conducted a thirty-year analysis of changes in water storage of small endorheic lakes in semi-
563
arid Northern Central Asia, by combining remote sensing, ground measurements such as 564 bathymetric surveys and hydrometeorological observations, and gridded climate data (CRU and
565
ERA Interim), utilizing GIS tools and simple micrometeorological models to estimate evaporation 566 losses to assess impacts of climate on lake storage. We also used a regional climate model to forecast 567 how climate (precipitation and air temperature) will alter in the next thirty years, and how this would 568 affect lake storage via changes in inputs (precipitation) and outputs (evaporation). Furthermore, we 569 assessed the effect of anthropogenic activities on BNNP endorheic lake storage, by studying the water 570 abstraction for the largest lakes in BNNP.
571
We attribute the decline of BNNP lakes to long-term P-E deficit, i.e. lake evaporation exceeding . Lakes: (3) Ulken Shabakty, Shortandy and Burabay.
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Water abstraction in percent of lake water volume = 
